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"portao.710/393
~dbt~town'.ie~a.1October P9, 1941

The purpous of thisiu nveatigrj~ton nva to C .tormine thk* Loetnl.

largier1. wiiar.atorlatlea of thece -puna.-dings blown frocm the cuist

Cone InSion~ a

1. le cnr~bon contnnt (r,.104) it%~ eni~i~cr-re to-, h1?:h fnr tY-

2, TVhsr. vftU no evidencoe of hoarn ttto ,; i n41eim~to4 by tha

evidenao of poor a.oowidAtion pracIce i~r ~' i ha.~n~ irliner. ci: !

in ta. maitskl.' (.a;** Zigurss 0.6 ~, Fa, 9b. In.)

-Taiie miarestrWcture of Ltrm f%#-mfsU~a r,4vr!'1o'a n ft,irly m~1for

aikololay- itructuro with win netolovnuiltt1 ~ t' i. -

rubh doulul Iwtha" ee a1u1



~ASaOW1 !MtaleEL the 401dwttl@ fi111a~s. (Sao 11g9uris 9b and 90~.)

Vi.o Uaosule* &A~k of hoealz~ag:m tweatamit, rMelatively

high ba*'dason we ihe pveblk). 4=10 of failuro.

Inasosordsana with. instrustloae In l~'3 etter 110,5/165)4 dated

Aeput 159 19)41* the xotalaWgieal obaraseritlroto of thy.e punaingkns

frou the British Arl2 afmtaU TaMk vwe" determtined1. ConfI.imtla].

AI.?.G. Report W0520 &A 23qrS es 0r~aane Progran 5493, dated

Awg,.t 2#6 194, soor te 'iap ua stle osjo th* task.

Preseg~u mad Test Eltewla1s

MeO tW. pum'flm were sent, to 'Atertava Az~ema1 fro* Aberdeeni

vith no Wm4.entf~tion a&A were nunber4 at thi Araiimal, saaly, '10. 1

110. 2,P and 1:0- 3 respectively. Voass nubc'tts havo no relat~ion to tho

6 rnn. aumboer In thr& firlag data,

metallurwgical examaltatinIncltutded chemical 4.A17614* maco and'c

aicroueoplo .xwmlation, and karvaises uimrvya IM average thickness

4 ~~of srea svAbj~tod to UW11otla test was _;-31163. B~allistic teetr

werne made at Akerd-.a evla PnL roundl as noted atnov. 1Misueu I and c-1

are copies of Abor4~ Proving Gz'ouilu photograephs of thie turret aftA-i

ballistic to,* &wea. .P.O. photojorsph R99u. 148979 and 4199E0

re~cive~t1y.) Figure 3 I12listrates Sk.ie type 00 pmbunigse ezami21od.

llguw. 14 Is a dravW nd iclating the nx'ozao on the vuncht.age rabj~oatfei
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tOmo "O cOOPIC exiidiatioin. ?luewas 5 to 9 lacludive Illustrate the

xacro "d aicrosUm3aottur of the. sotple..

S~ection we. 3 which GrtgIn.1l~r sboved ocaessoauil segregationse of

~aasive aetrbides ina the dut~drit!. filling was b xogenile =aa given

a~ alllstleboth troatment, notad below, in crde3' to determine, If

euwh a heat treatmesnt would elininate thoese segrejgations.

Usogeraized at MOOOF - 10 hours, a~ir coold.4 1

i~sheated to 1650"w 3 hours, air cooled.

W~ava at 11.5007 - hour~i~s, air cooled4

Mea resecLtIA haruesse afti tins heia~ teI me I ~as~~

deeziattemths *Wlos as RCoive4. £tv%

Regzalt s

Chemical PzO1.vis of the saupies is givrna belovs LJNA"IOU\I

P S4 R Cr 14o Ca Al.
OW *71 .018 '3 . 39 3.39 712 Y .07

2. HarE2Io Ninat ton

T 'e dftp hot noid etch shows a dendritico truaoturo with inzt;ýr-

demdritlo -segregation in the. oentr~i portlonfl0 (Se&o P19wer,. 5 fand 6.)

The zxaoro eteb reveals the presenlce of intordn~riit4 zciwnkage throýWh-

out the aeutral portion of tho cross agatiou.

ftgmr* 7 illustrato-. the typicrA deadci~tic atructure ravenlcý

by the Oberhoffer etch. A cr*ok Is visible orteriding, int. tho crolic

sectiona frora the surface. It was uotei- that the path of rupture
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nacrostrua (Uae of ~as" pmah!4 after Watertour. iutrasl bmt treatrnent,

It I lo alievo4 t ~at the nonmetallic mt-scance visible "oan

Ct' grains In the unnechod se.~tion has boen openso. ri by' the hot acid

W3tA, uhioh also reveals that this ton,.iton is miore aoatewl thon ox'-

,p3ý* froxu t~hs oxm~ination of tho imatoiis4 aaft~tee.

3. Micr~al1o onint

ft. C.aneal Inclusion ratin of th txu-Tret Its about averagee

f~v cast armor plate, witha *me sonmatalliocaseiagated in the inter~-

dandrille filliace. Vhroucghout the sauple, however, are small aren4

In which naajasWtai material surroundn thei gr~iin boundari... ThGrs

azro also asgre~tioas of iaaunotalice in some s-rea~ that arc more pro~-

nouncail thaa in the average easo. "raa cont~ainiw, txrosity 0 fodin?

whiich lwiva grain 'boundar crae1~s Ldjaocit to Mei pnrovity.

* The grain sire In not reyva~a~d by oolting, wi if the non-

maetallic suibstuioo in the grain boundtwy --od intorganulkar voids !%

taken as rm n itat~iC4o3 of the grainalsza, tke granif aim@ thus dotermine"i

lita coarer than AM~ Xo. 1. Th. xnltal etch iahow,7 a fal~y uniforz

avlaular structure, that on high magpift cation in ",'-vaaled as t9orbite.

R1assive carbides are occasiona~lly found in all of the micA

A spesUmns wbicA Is 1zadleatire of the lack of a proper haougeniulng

tre~atumat, These carbide* are usually found osa clated with nueou~ao

nonastallics in the intordotdritic filling. Figure;;5 9 jaclasive
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Figs"$, 10A, b, sand a SThstrate U9101oJ S rogatlao~i of

Gaftlfts In the Iate?4d4Artle fiUL@and ::to~io the abomene o;; these

osiaegatione after ýbe iatserown Aramal& boxog#Mstagaj~&na bsal1~stie

haeat troatmzents. Niger* Ila *bows woe * t~he sp~lee wbooe freotajo

Ae results of he?4fteel UUNCeyz aiade on thie Ssriuasph

RISLmu - 302 RIROXIio

Asao- 321 Brinkell

X 5. ~WlIstIlo Test*

~ibu~taitc tests reorOted b4,ov wJ4e =ado a~t Abtod~so

ProvUW Or*=& am wrqtet* La ConfietIA.n A.P.G. 11~apot 10-52,

6Ropor t on Sa11ialle ooTt on JWtitsh A-12 Infantry tmý iand Svcws

F."ort on eidaemov Pwogwru 949,atrA Uin 29, 19

a. he Mft~oh A-12 lnfsimtv7 ~t~k vi~ tested on
Auwat 13. 1.41 In aocord~sace with th~e chmio of' the ortelnal
ftrln,ýj proWaa roc u4.4 %y MAr. Forgao~n of tM ho . to

*=*% erosslv* &m~a of the tank. It was re qtaseta b7 Mr.

h~e=* that iQn1j tho tu1'w% b* testa&., 15Thtrefore, the et

thebaicletter were cowrlod out~.

V b. ~The first round. of 115 am. A.?. WD'j (145P yfv
antod :'artjsl puentrattoa wit no damageo to theŽ rota&ting

xaaaale. Thrso more Iw=ado wereo ftred t~o ebtal-. a balisAtle
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limit. The first of thee. rooundr kuockod out a puachiag
(1597 1~. o* .v.) enii pftlsed through the wvnt1 of the tuirret.
The third mad fourth soots alao rs*,ove pmuchtatu 2 an* of

which fetl oatl the other was etahot puehe. throumh (sv.
1511 f... and 1435 f... reespetinely). AfPtr this firing
13 bolts ta the 'base ring wt the turret wer* nviefSoag nd
4 of tvw £ remalizing were L)oee. All bolted ?ii tr~a near
the 4i.mpts were loosent dm'ing the firing. N that the
fourth road ceased a conoUte penetratinn with a small
creer of light, It Iwaruoueluded that the ballistic limit
telth the above four rotnda was about 11i$0 f.a. The -vTerse

a. Cne rmound of 105 mm. H.T. .hell with delayed
-' Ne (some loaded to 1020 f., m. ?.) tmti than fired at the
turret v4-ll ab'ut a foot abov, theA e& plate on the left
front side of the tank. The heads of tbre bolts in the
oes of the de& plate wert dheare4 off. The deck plate
close to the turret at the front lift corner tos beat down-
ward oausing the vagle inside the teak below this doek plate
to bond and allowing a 1/30 crack to open betwega the deek
plate a'd aja#c• t side plate. 0 bolts t1O•ng the turret

riug to the dek* plate were blown 4w into Uhno sponuo. A
bracket mounted on the turret near the front of the impact
was blown off. The rotatinp meehnism of the turret was
stilt in operating condition after all firing had ben copleted.

D e-O asiaon

The punohingx blown from the cast turret (Firgurs 1 and 2) Which

are howvia in Figtre 3 indicate a coarse crystalline fractare on tho

=It facte (Son arrovs.) Moro sad microosYoopli e7nmhnation made

on sections of thp owiohings (Piraos h 9 inclusive) .ltarly showed

the presence of occasional unfxwond&ieus aucnh &i.@ voizdc, deudritio svegrng;

tion, and nonmetallic graiu bowadar Eegregata The dafects noteoc

-- o the reindt of a aombinstton of poor d4uoc1xdinn trnctioe and

t-conlplte diffNusiAon treatVntu, A h,]i•vtidn tm Vag
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mad zt Vtrto~m ;Aroýna on one of t, n a- 5 v o.rbicde

gatIOA aid i.t was ahw that the %0*0'ln.eOtlon Cycla ev1oyo.4

a 4desal'bei on1 p~e 't, complote1v ellalai*a& tMlia~ of Gee~w.&ptin.

7' -tbr o this. ture w~ag hitreat~edt a. 0enivl bOl&j haz~~YrdL-

ns.The !l:%h a~ =rios, 3ýý-3h1O Brtnol., -41t vth the ttiit

~ %,~at; rn-ssblt for falln'e.

U4r,, iJ. Ibnw"1iL. azda the ae~ora11pahle examinations.

a ~. L . ROCA.
- e~h 4stallurclat.

Lt. Mel. orc Q SPS.

Difrector of Laboratoryr.
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RrPRor~tieFD AT GOVERNMENT FXPENSE

tk4tacaph of turwet after bomuite test *&vim
effe~t of 75 W. A.?. shell MCA ISUIGUt lildt apprexima~ly
1410o # e. (Photogrwoph t7 Atvds ?mtmet kern'.)
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RFPRODUCED AT GOVERN~MENT EXPENSE

Pho toexrah of nortion of &Atrl0V Of tUrw~t ~n
oonplet* paseltwa ftls uatd.w atteak of 15 M. A.P. Obell Hk1.
3aluu%1o ust$ a~pproximately 1410 1/s. C(b.mgvq~ihby Aboraosa

Ji-4
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REPRODUCED AT GOVERNMENT EXPENSE

?Jhet*mP of pFM a. -Pbe. ), N, an.

0i



1 2

'A-~k -/le -

4 -
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PEPRODUCFD AT GOVERNMENT EXPENSE

MaoAg fp-ý a.

ft deep bet &sI it euk Mw a Li4owlis stnwtwie
with AnartwaIS~ItO sagroatLs a No theOM Pit.1tersvi. fth

* .go ouer .tow emle a ecar" 4dwrvtte at"m"YO Witk mu kar-'
iii ,we~ethm&ota~ut thse outra perrunof . th. woos. motio.
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RFPfRODUCFD ATr GOVERNikiENT EXPENSE

r4ootioue p of laalgNo.1

(Deep stoh)

*W Deo~rl-1otl 9sXz us that no* in Yiwe v .



I - -

*~~ N' CA NH I NG G FROM CA~ST STE.EL T~URRET8R -n '
I ~ /\$ ~Y'TANK Tf(L S194 f25WA97f
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RFPROMUCF[I A, COVERNMEIENT EXPENSE

IIw-

{~~am No. o - iptuq of D Art'1n1.0 & .t~n

I'm-,v the fm.Ii tnarfite.

PD. 2 -)4 - Pndritl aw se.at1o t~-piez! of the

vital. -- oh25
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fif PRO[MJC(Ff) AT GOVERNMENT FPfeNSE

13a 11epfwk. th I I thom

this &*edition 0 be more vi4.apwoA 040 exo ftea ma
fagktuatien of the p0)49kM u.SUhe4 a., 1so00.

(b) so Ori4.s maL ozl4. filas awouL P~au* fowaL
In a perwot roli abou 1./U5"x1/h in ar on i36OI5*S

940o 100 Ki3l

'(a) - aravtogr at4 griaf Wm*umda% ** towa
Isa p~orous arma stout i/ga,.i/e. ia extest.

It is ba.levw4 that tho go""w tromete temA oUtk
* pin6 Ias fte~ to ftilw. exadita~ alo" Leftiy.l reiss.

lk* e ah bove. AlthwpI raly liolate& rgioos of tbw a s
wwer hIm in Sho Polish" speeieets, the a WS best *" m

vwe a orsgmm ,oa~w cmirraoes at bullrao 4vinfteamA a
samwo, open~ dan4zti8 strustur, anei&44 wift dwinakpg
po"rnt.

L4



Figure 8

/

a. Magnified 100 Diameters

. •

N"' d. o. " 9.-
0b.. Manfe IO Dae*r

* " •'
/ .,

c, Magnfie i00i•tr

":lSN~dk-I N3•NS:]AO0IV J~~O~_].



HFPROOLJCFD AT GOVERNMENT FXPFNSE

Ric"w stnetuwe

Unthdm %ket ist llt

(a) -,log-9111od ebr~aktge porosity hound as
miz'asee of czating. I%.* surfaso of the @astJing is imstet
witha many 'u md. creaks, sose of which are fwa" to
ztsit Mrs than 1/2* Into the setul. (Sm. ISA.3Wt.)
uhs" Ora&icksBeem to be, hot "Mas. am"s porossIt also W-

* ~temas to the Oastiag uWfaoe.

* Letehed X25 A-3532

*(b) so ka we Is a NOat aun~t I/so wide ettematin
&a"**~ thic epeciaea andA roqOshl parallel to the castift
Wrarfae and 1-1/40 aaey from the sorftee. that saftaas hom~
Smassatinus of nmcnetallios mat maisety oft'blLes ane oIbut
associated with the usumsetalit imulusleas just as In
X&3W This reioca ha., Is "~ties, a were segregated
mimostIrZettu-S with the nommetallies md the ssr'bides

* Uuasllyr touad in the intortmdiatzPe fillbas. (TIMs bean
also eztenois aoaoss speclaeft go. 3-.)

sitma mtoh X100 MA-36

(o) - Average misrostrumsturs of pmeahings.
&phrelitzod vos'bite arranged i.a sacinar ftasho. Meii
uasreetructure to fairly iaaiftra.

Ittal Etch 1100 M -m



.- YL-, b.

a ,fied2 'a7 r V
ztfrvd 'l :C

Z.~fv

aT 34ifo 25w-:~sc 2 rfei1C

,< j.i~~ ~

I H 2V9 J ýUý V 001 i



tigme 10

ginISOmet~v of Iua.Lug.

(a) Ar 1a' /8" below i~apte4. surface of "sa~im& go, 1-.1
uhowlag massive ourbikeo setregated in the intari4naritio
fI1UnJ ateral onat •ad b ih conaeatrgion of &*a,-

tnet250e HA-3529

(b) 91~crostructure of section of p-ohc.a lio. 3 ufttr the
fOlowtna host treatments

200001 - 10 hou's - air cool
h0ou - hrs - air ool

UWY0 b ours - air cool

211 massive ca'bid8s were put into solutioa by this beat
treatment.

vital Ateh ROO X1,369

(0) Vlw at higher malpifioatioa of tho above speolimne.
Asicuaar uerbitito otnwtuo, with v iae1y sphp oidive earbides.

L:::' 3SN3dX-l 1N3LV'NJ2AO9 iV z]Dfnoo0Jd3

. . . .



/00

JS -X INON3U -iIOcR



REPRODUCED AT GOVERN~hENT EXPE"5SE

(a)arortuct~atre of opecluma go. NI which ba a cors
fractlure. The fraoture follavg thse outline of Mwe Inter-
des.ritle fillingj aatar1is it vh~oh tho ir~uritteto m

-~oxd fZiIlms are sqrmaWe.

fterhofferl Itoh 3 X#- 36#9

(b) ocroatmetu~ire of specim~a Wo. 3 aftor the hamgiuialn
!m&t treatment:

* MO1 - 10 hatus - air #**I
- LI50~? 3 ho'kts - air Pool1

hm - Mr*&*I

go soreei4b~e oha~e at wototw w prbe
bl tile trara

0"hf~rttIc
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